A lthough the North American Society of Pacing and Electrophysiology policy statement on lead extraction does not indicate non-functional leads as either class I or II indications (with the exception of non-functional leads in young patients), there is a tendency to view removal of any non-functional lead as desirable. 1 2 The protagonists for this vision argue that leads are neither permanent nor biocompatible, and non-functional leads should therefore pose a risk if not removed. One of the supposed risks is venous occlusion when an increasing number of leads are implanted. However, given the often disruptive nature of freeing the leads from the veins with extraction tools, lead extraction might predispose to thrombosis and venous obstruction. As there has been no follow up study of venous occlusion after lead extraction, we reviewed the incidence of symptomatic occlusions in patients who underwent lead extraction in our institution.
PATIENTS AND METHODS
Contrast venography of the access vein was available before lead extraction in 89 patients treated in our centre. We interviewed 87 of the 89 patients a mean (SD) of 29 (14) months after lead extraction (two patients died during follow up of non-cardiac causes). There were 70 patients with a pacemaker and 17 with an implantable cardioverterdefibrillator (ICD). The average age was 57 (14) years and 42 were men.
Lead extraction was performed with traction, either directly or with a locking stylet, followed by laser sheath extraction if not successful (Excimer xenon chloride laser, Spectranetics, Colorado Springs, Colorado, USA). Laser application was started from inside the pocket to access the venous circulation. When applicable in patients presenting with lead malfunction, we implanted new leads at the same entry site either after exchanging the laser sheath for a guide wire or after new catheterisation of the subclavian vein. When infection was present, we inserted new leads in the contralateral subpectoral area during follow up if pacing was still considered necessary. Anticoagulation was only started after lead extraction if it was already instituted before the procedure. Clinical follow up was obtained by telephone interview of the patients.
Statistical analysis was performed using a two tailed Fisher's test for contingency tables and Student's t test for numerical observations.
RESULTS
The results of 65 out of the 87 patients in whom the entry vein was patent before extraction are summarised in table 1. Oedema as a symptom of venous occlusion occurred in five patients. In two patients it resolved spontaneously after several months, but in one patient it gave rise to Sudeck's atrophy. All symptoms occurred after the use of a laser sheath, but the difference with traction was not significant (p = 0.57). Of note, the time from implant of the oldest removed lead with laser was significantly longer than with traction (82 (56) months v 34 (47) months, respectively; p = 0.005) and the number of leads extracted per patient was higher when a laser sheath was used (2.1 (0.7) v 1.7 (0.5); p = 0.05).
Neither the indication for extraction nor the type of lead extracted (pacemaker or ICD) were related to the occurrence of new symptoms. All but one of the 28 patients with superfluous non-functional leads had new leads inserted ipsilaterally during the same procedure.
In the 22 patients with known occlusion before lead extraction two were symptomatic before the procedure. Eighteen of them presented with infection, and a laser sheath was necessary in 21 patients. Two previously asymptomatic patients, both presenting with infection, had cyanosis but not oedema of the arm after extraction.
DISCUSSION
We found an 8% incidence of new symptoms suggestive of venous occlusion following lead extraction in patients with a previously patent entry vein. Given the underestimation of angiographic venous obstruction by clinical symptoms, the incidence of new angiographic obstruction after lead extraction could still be higher. All new cases occurred after the use of a laser sheath but the difference with traction did not reach significance. Further, there were important differences between both patient groups: the time from implant was significantly longer and the number of leads extracted per patient was higher when the laser sheath was used. Finally, as no other superior extraction techniques were used it cannot be concluded that venous occlusion was specific for laser extraction.
Infection could be a confounding factor with regard to venous occlusion. However, our study population included 63% of patients with infected pacing or ICD systems, but the incidence of new symptoms did not differ significantly between patients presenting with infection or with nonfunctional leads.
The insertion of new leads might have influenced occlusion after lead extraction for non-functional leads, as all but one patient had new leads inserted during the extraction procedure at the same entry site. But in a prospective study by de Cock and colleagues there were no differences with respect to thrombotic complications in 48 patients with multiple leads (39 patients with three leads, nine patients with four leads) versus 48 age matched control patients with dual chamber pacemakers. 4 Additionally, we showed from pre-extraction angiograms that there is no relation between the number of leads and venous occlusion, thus making the insertion of new leads less likely to cause obstruction. 5 In conclusion, rather than be protective, our study indicates that lead extraction itself might cause venous obstruction. Although these data should be confirmed by angiographic studies, until then it is prudent to refrain from lead extraction for the sole purpose of preventing venous occlusion. 
